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Implications of the Temporal Distribution of High-Mg
Magmas for Mantle Plume Volcanism through Time
Ann E. Isley and Dallas H. Abbott1
Department of Earth Sciences, Oswego State University of New York, Oswego, New York 13126, U.S.A.
(e-mail: isley@Oswego.edu)
A B S T R AC T
We compile a 3.7-b.yr.-long time series of ultramafic and mafic rocks including extrusives and shallow intrusives
(dikes and sills). We infer that peaks in the time series represent mantle plume events. Rocks erupted from plumes
are becoming more Ti rich through time, and several rock types having 118 wt % MgO are Phanerozoic analogs for
komatiites. These include meimechites, ankaramites, and rocks previously called “picrites.” Spectral analysis reveals
the time series is driven by periods of ∼800 and ∼273 m.yr. Two 256-m.yr.-long data subsets, one sampling the Archean
and one sampling the Phanerozoic, are driven by periods of and m.yr., respectively. The ∼800-m.yr.-26 3 34.5 4.5
long energy may reflect changes in the rate of impacts of extraterrestrial objects, tectonic slab cascades into the
mesosphere, or resonance between free-core nutations and those forced by solar torques. We suggest that the 273
m.yr. period reflects the cosmic year. The latter modulates fluctuation in cometary impacts that occur with a 30–35
m.yr. period (Matese et al. 1996). Thus, there may be more than one driving force for mantle plume volcanism,
including forces endogenic and exogenic to Earth.
Introduction
In a recent article, we discussed the temporal dis-
tribution of Archean and Paleoproterozoic mafic
and ultramafic igneous events and inferred that ep-
isodes of substantially increased basic magmatism
reflect mantle plume volcanism (Isley and Abbott
1999). Since that work, we have compiled a data
set of the ages of high-Mg volcanic units and high-
Mg dikes and sills spanning more than 3.7 Ga of
Earth history. (For brevity’s sake, this data set has
been included in The Journal of Geology’s data de-
pository.) In this article, we analyze the time series
to evaluate secular changes in the chemistry of
high-Mg lavas and to determine whether there are
well-defined periodicites in the data set. This work
may provide insights into the forces that ultimately
drive mantle plume events.
In our previous work, we investigated four prox-
ies of mantle plume activity: komatiites, continen-
tal flood basalts, mafic dikes, and layered (ul-
tra)mafic intrusions (Isley and Abbott 1999).
Komatiites proved particularly robust proxies of
Manuscript received October 31, 2000; accepted August 14,
2001.
1 Lamont-Doherty Earth Observatory of Columbia Univer-
sity, Palisades, New York 10964, U.S.A.
mantle plume events because they capture both
continental and putative oceanic flood basalt se-
quences. Although they were once thought to be
typical of Archean mid-ocean ridge crust, komati-
ites actually had sources a few to several 100C
hotter than the average mantle, even in the Ar-
chean (Abbott et al. 1994; Puchtel et al. 1998b;
therefore, even Precambrian komatiites are now
generally acknowledged as expressions of mantle
plume volcanism (Campbell et al. 1989; Campbell
and Griffiths 1990). However, the degree to which
all komatiites reflect high mantle temperatures is
debatable since komatiites could have formed by
melting of a hydrous mantle with temperatures
only 150C higher at the top of the asthenosphere
than at present (Gromshei et al. 1990). Some have
argued that komatiites are not necessarily the prod-
ucts of mantle plumes (Burke 1997; De Wit 1998).
However, the lack of both degassing structures and
porphyritic textures in most komatiites and their
chemical and isotopic signatures led Arndt et al.
(1998) to conclude that, although some rare ko-
matiites were hydrous, most were not. We concur
and maintain that, while komatiites may not be
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perfect recorders of mantle plume activity, they are
among the most robust indicators available.
We found other proxies of mantle plume activity
less dynamic (Isley and Abbott 1999). For example,
mantle plume events promote mafic dike swarms,
but not all mafic dike swarms are the result of man-
tle plume volcanism nor are all layered igneous in-
trusions necessarily the result of mantle plume vol-
canism. It may be necessary to cull these data sets
to obtain clear signals of mantle plume activity.
Ernst and Buchan (1997), for example, drew infer-
ences about plumes by focusing only on giant ra-
diating dike swarms.
Here, we focus on the geologic record of high-Mg
lavas, including komatiites. Most komatiites
erupted before the beginning of the Mesoprote-
rozoic (1.6 Ga). Assessing mantle plume activity
from the Mesoproterozoic onward requires a proxy
or proxies in addition to komatiites. Several other
lithologies are as rich in MgO as komatiites (e.g.,
meimechites). Because the ratios Mg/Si and Fe/Si
increase in mafic volcanics as a function of either
melt-source temperature or degree of melting
(which may also reflect mantle temperature), we
include other high-Mg rocks in the data set.
Data Set Description
The Lithologies. The International Union of Geo-
logical Sciences (IUGS) recently reclassified high-
Mg rocks (Le Bas 2000). Previously, rocks having
118 wt % MgO were called “picrites,” “ferropic-
rites,” “ankaramites,” “komatiites,” or “meime-
chites” (using the IUGS recommendations for no-
menclature from 1989 and earlier). Rocks with 118
wt % MgO and of 1–2 wt % wereNa O K O2 2
called “picrites.” If such rocks were enriched in Fe,
they were called “ferropicrites” (Gibson et al.
2000). Ankaramites were a subset of picrites rich
in titanian augite. Rocks less alkaline than picrites
were termed “komatiites” or “meimechites.” Ko-
matiites had !1 wt % TiO2, while meimechites
were richer in TiO2. There is a host of lithologies
that are compositionally analogous to mixtures of
komatiitic, (ferro)picritic, and/or basaltic magmas.
Such rocks include picritic komatiite, basaltic ko-
matiite, komatiitic basalt, picritic basalt, and high-
Mg basalt. The data set includes such mixtures, and
a few of these sequences have units with MgO be-
tween 10 and 14 wt %. All of these units had geo-
chemistries indicative of the dilution of a koma-
tiitic or picritic melt, by incorporation of subcon-
tinental lithosphere or crustal contamination, as
described by Lightfoot et al. (1991), Riganti and Wil-
son (1995), Fedorenko et al. (1996), Stone and Stone
(2000), and modeled by Sparks (1986) and Jellinek
and Kerr (1999). Rocks with MgO of 10–14 wt %
whose geochemistries did not dictate admixture of
a high-Mg melt with another source were excluded
from the data set.
Rocks referred to in this work are described using
the 1989 IUGS classification so that we use the
same term that was applied to rocks in the original
studies we cite. We note that the rocks we refer to
here as “komatiite” and “meimechite” retain that
nomenclature in the recent IUGS reclassification
(Le Bas 2000). However, some of the rocks that were
previously termed “basaltic komatiite,” “komati-
itic basalt,” “picritic basalt,” and “high-Mg basalt”
might now be called “picrite.” Rocks having 118
wt % MgO and 1–2 wt % , previouslyNa O K O2 2
labeled picrites, would now be referred to as “mei-
mechites” (Le Bas 2000).
There are several examples of Phanerozoic ko-
matiites in the data set. There is a long-standing
conviction that the only Phanerozoic komatiites
are those of Gorgona Island (e.g., Kerr et al. 1996).
However, several other sequences have units with
an MgO component consistent with komatiitic
chemistry. Spinifex texture has been reported for
most of these sequences (Buturlinov and Kisil’
1985; Paraskevopoulos and Economou 1986; Struy-
eva 1988; Spadea et al. 1989; Fang and Ma 1994;
Alvarado et al. 1997).
Many ankaramites from the pre-Cenozoic record
have been interpreted as island arc volcanics. These
ankaramites all are associated with calc-alkaline
volcanic sequences. Cenozoic ankaramites com-
prise some of the volcanic units in the Lesser An-
tilles, Indonesian, Vanuata, and Izu-Bonin arcs
(Hawkesworth et al. 1979; Maillet 1982; Foden
1983; Fukuyama 1983). However, there are many
more examples of Cenozoic ankaramites associated
with hotspots and mantle plumes (Isley and Abbott
2000). For example, ankaramites contribute to the
volcanic extrusives erupting from 120 hotspots, in-
cluding the Jan Mayan, Icelandic, Azores, Trindade,
Society, Samoan, and Hawaiian hotspots (Johnson
et al. 1986; Kennedy et al. 1991; Pegram and Allegre
1992; Stecher 1998; Guest et al. 1999; Fodor and
Hanan 2000). In this work, we assume that all vol-
canic sequences containing ankaramites but lack-
ing dominant associations with calc-alkaline rocks
erupted in response to hotspot or mantle plume
activity.
Haggerty (1994) used other rare igneous rocks to
identify Phanerozoic mantle plume events, includ-
ing kimberlites, lamproites, and carbonatites.
These alkaline rocks are erupted only in continen-
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Table 1. High-Mg Lavas in Time Periods ca. 800 m.yr. Long
4.0–3.2 Ga 3.2–2.4 Ga 2.4–1.6 Ga 1.6–0.8 Ga 0.8 Ga–55 Ma
Total events:
Sequences in age range 15 40 20 5 44
Types of high-Mg
rocks in all
sequences 20 43 23 5 62
Lava type:
Komatiite 9 (45.0) 30 (69.8) 10 (43.5) 1 (20) 6 (9.7)
Picritic komatiite 0 (0) 1 (2.3) 0 (0) 0 (0) 0 (0)
Ferropicrite 0 (0) 2 (4.7) 1 (4.3) 0 (0) 3 (4.8)
Picrite 1 (5) 2 (4.7) 1 (4.3) 3 (60) 37 (59.7)
Basaltic komatiite 1 (5) 2 (4.7) 0 (0) 0 (0) 0 (0)
Komatiitic basalt 5 (25.0) 3 (7) 7 (30.4) 0 (0) 1 (1.6)
Picritic basalt 0 (0) 0 (0) 0 (0) 0 (0) 1 (1.6)
High-Mg basalt 4 (20.0) 3 (7.0) 4 (17.4) 0 (0) 0 (0)
Meymechite 0 (0) 0 (0) 0 (0) 0 (0) 3 (4.8)
Ankaramite 0 (0) 0 (0) 0 (0) 1 (20) 11 (17.7)
Note. Data in parentheses are percentages.
tal settings, however, and therefore would not track
mantle plumes arriving under oceanic lithosphere.
The Data Set. Our literature search revealed 124
examples of dated, high-Mg igneous rocks. About
85% of the units are volcanic. Archean volcanics
typically occur in greenstone belts, and high-Mg
lavas in these generally contribute only a fraction
of the volume of extrusive rocks (Francis and Hynes
1979). Similarly, flood basalt sequences are gener-
ally dominated by tholeiitic lavas but can contain
individual high-Mg units. For example, the ca. 2.7-
Ga Ventersdorp Supergroup consists mainly of tho-
leiitic basalt. Individual units within the Venters-
dorp (particularly those of the Klipriviersburg
Group) are unusually Mg rich (Winter 1976; Keyser
1998). Similarly, the Permo-Triassic Siberian Flood
Traps are dominantly tholeiitic but also contain
meimechitic units with as much as 38 wt % MgO
(Fedorenko and Czamenske 1997).
About 15% of the units in the data set are shal-
low intrusive rocks with a high-Mg chemistry.
Some of the largest probably acted as feeders to
flood basalts that have since been eroded. Other
dike systems are smaller, and their areal extent
does not dictate that they fed widespread flood ba-
salts. Nonetheless, their extrusive equivalents cer-
tainly would have met our geochemical criterion
of having 110 wt % MgO (e.g., extrusions erupting
from the 2.42-Ga picritic Scourie Dike Swarm;
other Scourie dikes are not picritic and would not
meet this criterion; Heaman and Tarney 1989).
The Age Data. The age data presented for vol-
canics in greenstone belts or flood basalt sequences
were most often achieved by U/Pb analysis of zir-
con or baddelyite from felsic units. This approach
produces results having high degrees of precision
so that ages can be limited confidently to periods
!20 m.yr. long. The felsic units that have been cho-
sen for radiochronologic work typically occur in-
terlayered with more mafic flows in a single flood
basalt sequence. By convention, therefore, ages for
felsic units are taken to be the ages of all rocks in
a thick volcanic sequence. That assumption is bol-
stered by how quickly Phanerozoic flood basalts
erupted (White and McKenzie 1995). For example,
about 90% of the Siberian Flood Traps erupted in
!5 m.yr. (Basu 1995; Sharma 1997; Venkatesan et
al. 1997). The bulk of the Deccan Traps erupted in
!10 m.yr., as did the Parana-Etendeka flood basalts
(Turner et al. 1994; Peng and Mahoney 1995; Bhat-
tacharji et al. 1996). The km3 Shatsky Rise62# 10
was built in a million years or less (Sager and Han
1993).
Geochronologic analyses of (ultra)mafic rocks, as
by the Sm-Nd method, generally do not produce
age results that are as well defined. Sequences are
rarely constrained to a period of time !50 m.yr.
long. Even poorer constraints may occur if the age
of a volcanic sequence is evaluated by assessing the
geochronologies of underlying and intruding (usu-
ally felsic) sequences, regardless of the technique
used, or by extrapolation from biostratigraphic
data.
Age dates achieved through geochronologic
means are reported as an age or ages, each plus or
minus its standard deviation. We consider the max-
imum age of the age range for a single sequence to
be the oldest reported age minus its standard de-
viation and the minimum age to be the youngest
reported age plus its standard deviation. Some Phan-
erozoic sequences were constrained to a portion of
geologic time by biostratigraphic means. Of the
units in the data set, 53% have ages bracketed by
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Figure 1. Top, spectrum of entire data set. Note that
the age of errors of the data set mean that only spectral
peaks of 140 m.yr. and higher are statistically significant.
Bottom, time series of entire data set. Peak height is
proportional to age error and the number of events. Tick
spacing is at 273 m.yr., the dominant spectral period.
Note that both the Phanerozoic and Archean parts of the
data set appear to have portions with a 273-m.yr.
periodicity.
periods shorter than 20 m.yr. The ages of 37% of
the units are constrained to periods 20–100 m.yr.
long. Only 10% of the sequences have ages whose
uncertainty exceeds 100 m.yr.
Methods
To examine qualitative changes in the absolute and
relative importance of different sorts of high-Mg
lithologies through time, we divide the data set into
time periods of approximately 800 m.yr. length (ta-
ble 1). In some cases, more than one high-Mg li-
thology contributes to the individual sequences
comprising the data set. For these sequences, each
lithology is entered individually in table 1.
The time series was generated by adding together
Gaussian (normal) distributions of area 1 and width
1j, where 1j represents 1 SD about the mean age
(Isley and Abbott 1999; fig. 1). We assume that the
1j error of the age is the error given by those who
determined the age. (Because most published errors
of U/Pb ages are 2j errors, this is a conservative
estimate of the error in ages.)
Qualitatively, a peak’s height reflects the number
of sequences with overlapping ages contributing to
it and the narrowness of each sequence’s age range.
A single sequence with very narrow age constraints
can produce a peak. Therefore, interpreting an in-
dividual peak as indicative of mantle plume vol-
canism should be done cautiously, and our confi-
dence in such an interpretation obviously rises
with the number of high-Mg rock sequences con-
tributing to it. In figure 1, only three peaks having
heights 10.10 are constrained by a single age date.
These are at 3515, 3406, and 2235 Ma. Otherwise,
peaks falling between 0.10 and 0.15 reflect overlap
of at least two sequences’ ages, and peaks higher
than 0.20 reflect overlap of three to eight se-
quences’ ages.
We used the program Matlab to calculate a spec-
trum. Before processing for its spectral content, the
time series data were detrended and processed with
a Hanning window (cosine taper). This procedure
reduced the amount of spurious long-period noise
in our results. We found in the literature that there
were varying estimates of the amount of error per-
mitted in the data before a spectral peak could not
be resolved with confidence. We used the most con-
servative estimate, that of Heisler and Tremaine
(1989), that the mean root-mean-square error of the
data must be 13% or less of the period that is being
analyzed. This means that, in order to resolve a
periodicity of 26 m.yr., the mean rms error of the
ages cannot exceed 3.3 Ma. In practice, we found
that the maximum age errors in our data sets fitting
this criteria ranged from 6 to 7.5 m.yr. We found
two parts of the complete data set had enough ages
with low errors to permit a search for such periods,
a Phanerozoic data set with ages ranging between
256 and 0 Ma, and an Archean data set with ages
ranging between 2856 and 2600 Ma. The mean rms
error of the entire data set is 18.2 m.yr., low enough
to resolve spectral periods of 140 m.yr. and higher.
Results of the spectral analyses are presented in
figures 1–3 and table 2.
Results
Lithologic Trends through Time. Although the to-
tal number of high-Mg events recorded through
time does not vary monotonically, there are dis-
cernible temporal trends in different types of high-
Mg lavas. For example, the earliest volcanic se-
quences do not unequivocally contain komatiites.
These include presumably volcanic units in the
Isua and Nulliak Supracrustal sequences, the Talga
Talga subgroup, the Dwalile greenstone belt, and
the Coonterunah Succession (Hamilton et al. 1981;
Kro¨ner and Tegtmeyer 1994; Buick et al. 1995). The
Nulliak, for example, contains amphibolites with
broad compositional affinities to komatiitic basalts
(Nutman et al. 1989). This appears to extend to
other units we have not been able to include in our
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Figure 2. Top, spectrum of 256–0 Ma data subset with
age errors ≤7.5 Ma (22 out of 32 data points in that time
interval). Note that such age errors mean that only spec-
tral peaks of 26 m.yr. and higher are statistically signif-
icant. Bottom, time series of 256–0 Ma part of the data
set used to perform the spectral analysis. Peak height is
proportional to age error and the number of events. Tick
labels are every 34 m.yr., the dominant spectral period.
Note that the ∼34-m.yr. periodicity shows up particularly
well in the youngest part of the data set, which has peaks
that are defined by three to eight sequences’ ages at 124,
89, and 60/56 Ma. (See also table 3 in the text.)
Figure 3. Top, spectrum of 2856–2600 Ma data subset
with age errors ≤6 m.yr. (15 out of 26 data points in that
time interval). Note that the age errors mean that only
spectral peaks of 26 m.yr. and higher are statistically
significant. Bottom, time series of 2856–2600 Ma part of
the data set used to perform the spectral analysis. Peak
height is proportional to age error and the numbers of
events. Tick labels are every 26 m.yr., the dominant spec-
tral period. Note that the ∼26-m.yr. periodicity shows up
particularly well in the Middle Archean, which has peaks
that are defined by two to six sequences’ ages at 2786,
2755, 2727, and 2704 Ma.
data set because their ages are not well constrained.
For example, although the age of the Akilia Assem-
blage of Greenland has not been clearly docu-
mented, it is undoubtedly of Early Archean age
(Schiotte et al. 1989). It contains metamorphosed
ultramafic rocks whose precursors cannot be de-
fined unequivocally as komatiites (Nutman et al.
1996).
Komatiites became the most common type of
high-Mg eruption after 3.5 Ga and continue to com-
prise the largest percentage of recorded high-Mg la-
vas through 1.6 Ga (table 1). Several other lithol-
ogies (basaltic komatiites, komatiitic basalts, and
high-Mg basalts) are virtually limited to sequences
older than 1.6 Ga.
Most komatiites are located in greenstone belt
or flood basalt sequences. As we emphasized above,
komatiites found in either of these settings are usu-
ally interbedded with more voluminous tholeiitic
basalts. For example, the Archean Klipriviersburg
Group (Ventersdorp Supergroup) is a flood basalt
sequence containing komatiites (Nelson et al.
1992).
Komatiites are found less commonly in other as-
sociations. For example, in a ca. !30-m.yr. period
from 2.72 to 2.69 Ga, komatiitic eruptions pro-
duced thick, laterally extensive units including the
Empire Flow, the Deloro Formation, the Reliance
Formation, and the “lava river” recorded in the
Eastern Goldfields Province of the Yilgarn craton.
Even volcaniclastic komatiites are known, includ-
ing those of the Outokompu Assemblage (Saver-
ikko 1990). Although their ages are not well con-
strained, these units and the ferropicritic tuffs of
Pechenga (Hanski 1992) may be geologically con-
temporaneous at ca. 2.0 Ga.
Picrites become more common through time.
The earliest ferropicrite is the 45–115-m-thick,
2.72-Ga Boston Creek Flow (Stone et al. 1987). The
earliest unequivocally picritic sequences were
erupted in the Strelna Group (2447.6–2438 Ma;
Amelin et al. 1995), with roughly contemporaneous
emplacement of the picritic Scourie Dikes
(2425–2414 Ma; Heaman and Tarney 1989). Picrites
comprise almost 60% of all high-Mg lavas with an
age younger than 0.8 Ga.
In the earliest time periods, the most alkaline
lavas are unknown (table 1). The oldest ankara-
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Table 2. Significant Spectral Energy, Time Series of
High-Mg Magmatism
Peak height in time
series age range (Ma)
Period (m.yr.) 4096–0 2856–2600 256–0
819 204/137 .401 … …
273 19/16 .261 … …
256 17/16 .227 … …
36.6  6 … … .573
32  4 … … .557
28.4  4 … .100 …
25.6  2 … .118 …
mites erupted about 800 Ma, and the oldest mei-
mechites are about 400 m.yr. old. Although rare,
meimechites contribute to the Siberian Traps (Fe-
dorenko and Czamenske 1997), West Siberia (Gon-
charenko et al. 1981), and Neogene-Quaternary se-
quences (Gibson et al. 2000).
Spectral Analysis. The strongest periodicity in-
fluencing the 4096–0 m.yr. time series is 819204/
137 m.yr. (table 2). Also contributing a significant
amount of energy to the spectrum is a period peak-
ing at about 273 m.yr. (fig. 1). The 256–0 m.yr. time
series was dominated by a m.yr. period.34.5 4.5
Spectral energy peaked at a period of m.yr.26 3
in the 2856–2600 m.yr. time series. (see figs. 2, 3;
table 2.)
Do High-Mg Extrusives Capture
All Mantle Plume Events?
Numerous Phanerozoic hotspot and mantle plume
events have been proposed, and virtually every
Phanerozoic continental and oceanic flood basalt
province has been linked to such magmatism. Al-
though not all of these include high-Mg rocks, the
time series demonstrates peaks coincident with the
eruptions of all proposed pre-Eocene/Phanerozoic
hotspots and mantle plumes (fig. 1). For example,
there was an important mid-Cretaceous event,
termed a “superplume” (Larson 1991). This event
significantly increased crustal production during
the period 120–80 Ma. Features including the
Ontong-Java Plateau, the Naturaliste Plateau, Bro-
ken Ridge, the Rio Grande Rise, and the Caribbean
Plateau formed during this time (table 3). In fact,
there appear to be two pulses in crustal production
between 120 and 80 Ma (table 3). Both are captured
in our time series analysis (fig. 2), although not all
of these features were included in the data set. (To
date, high-Mg lavas have only been found associ-
ated with obducted portions of the Caribbean
Plateau).
Mantle plumes have been invoked to explain gi-
ant dike systems like the 2473-Ma Matachewan
swarm, Fe-rich quartz tholeiites whose areal extent
exceeds 250,000 km2 (LeCheminant and Heaman
1989; Heaman 1997; Ernst and Buchan 2001). Sim-
ilarly, the 800 Ma Willouran sequence and the co-
eval Gairdner dike swarm have been attributed to
mantle plume volcanism (Forbes 1990; Park et al.
1995; Wingate et al. 1998; Li et al. 1999). These
sequences had complex source magmas comprising
high-Mg mantle plume melts diluted by the incor-
poration of sublithospheric or lithospheric material
(Condie et al. 1987; Nelson et al. 1990). However,
like the oceanic plateaus discussed above, neither
of these sequences are known to contain high-Mg
rocks, and, therefore, they are not included in the
database examined here. Nevertheless, coeval
peaks in the record of high-Mg magmatism are ob-
served (fig. 1). This may reflect simultaneous stim-
ulation of numerous hotspots globally during man-
tle plume volcanism. It might also demonstrate the
range in degree of dilution occurring when magmas
generated by a single large mantle plume encounter
lithosphere of varying thicknesses.
However, two well-known Precambrian mag-
matic events are not captured by the data set. The
first is the 1267 Mackenzie Dike Swarm, diabase
intrusions extending for 2100 km from the focal
point, and the contemporaneous Nauyat Plateau,
Coppermine River, and Seal Lake basalts (Le-
Cheminant and Heaman 1989; Romer et al. 1995).
The second is the 723-Ma Franklin event, recorded
in the Natkusiak flood basalts and Franklin sills
and dikes that extend across 2500 km (Heaman et
al. 1992; Rainbird 1993). Both the Mackenzie and
Franklin events occurred during rifting of the Su-
perior craton and both have been related to mantle
plume volcanism (LeCheminant and Heaman 1989;
Heaman et al. 1992).
Perhaps these rocks do not reflect mantle plume
activity but some other process. This alternative
seems particularly unattractive because the size
and circular areal expressions of these events (the
geometries of the giant dike swarms and/or domal
cratonic uplift) correspond so readily with models
of underlying mantle plumes (LeCheminant and
Heaman 1989; Heaman et al. 1992; Rainbird 1993).
Furthermore, the Muskox intrusion (contempora-
neous with Mackenzie events) has a geochemistry
consistent with a picritic magma mixed with both
a fractionated magma and liquids assimilated from
the wall rock (Francis 1994; Roach et al. 1998). So
there is evidence for picritic melts in the record of
Mackenzie events, although they do not meet the
criteria of the data set we investigate here. It is not
completely clear whether the data set is biased
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Table 3. Select Mesozoic-Cenozoic Hotspots and Their Magmatic Expressions
Hotspot Attributed sequence Sequence age Source
Active at 120  5 Ma:
Kerguelen? Bunbury Basalts 126.5  3.5 Storey et al. 1992
Tristan? Maranhao Province 126.5  2.5 Baksi and Archibald 1997
Kerguelen Naturaliste Plateau 124 Mahoney et al. 1995
Marion Masirah Ophiolite 123  3 Smewing et al. 1991
Louisville? Ontong-Java Plateau 123.5  1.5 Richards et al. 1991;
Mahoney et al. 1993
Kerguelen Kerguelen Plateau 117.5  1.5 Storey 1995
Kerguelen? Crozet? Rajmahal Basalts 117  2 Baksi et al. 1987; Curray and
Munasinghe 1991; Baksi 1995
Active at 90  5 Ma:
Kerguelen Broken Ridge 92.5  2.5 Coffin and Eldholm 1994
Louisville? Ontong-Java Plateau 92  2 Tejada et al. 1996
Gala´pagos Caribbean Plateau (Gorgona,
Tortugal, Curac¸ao, Romeral
and Duarte sequences)
90  5 Richards et al. 1991; Kerr et al. 1996;
Spadea et al. 1999
Marion Madagascar Flood Basalts 88  3.3 Storey et al. 1995
Tristan da Cunha Rio Grande Rise 88  1 Larson 1991; Storey 1995
Trindade Lages Flood Basalt 87  2 Gibson et al. 1999
Active at 60  5 Ma:
Yellowstone Carmacks Lavas 69.5  5 Grond et al. 1984; Lowey et al. 1986
Reunion Pahr Formation 69.5  4.5 McCormick 1991
Reunion Deccan Traps 66.5  4.3 Peng and Mahoney 1995
Iceland North Atlantic Tertiary Province
(Greenland, Skye, and Mull)
58  4 Mussett 1986; Storey et al. 1998
against certain mantle plume events (whose mag-
mas were diluted by other melts) or whether Mac-
kenzie and Franklin magmatism cannot be attrib-
uted to mantle plumes. In fact, while most accept
that the Mackenzie and Franklin events record
mantle plume magmatism, a contradictory model
has been developed recently for the first.
Yale and Carpenter (1998) suggest Mackenzie
magmatism resulted from a catastrophic mixing of
the mantle (after the model of Tackley et al. 1993).
They relate this extreme modification of mantle
convection to the heat-insulating effects of a su-
percontinent comprising Superior and other blocks.
They invoke Rodinia as the supercontinent, while
acknowledging that the amalgamation of Rodinia
is generally accepted to have occurred at about 1.1
Ga (Dalziel 1997), almost 170 m.yr. later than the
Mackenzie events.
Our data set cannot capture an event character-
ized by dilution of plume material to the extent
that MgO in the resulting rocks is !10 wt %. The
opportunity for dilution of plume-derived lavas in-
creases through time as continents grow. None-
theless, it is heartening that well-known large
events like the Matachewan and the Willouran cor-
respond to peaks in the temporal record of high-Mg
magmatism, although they do not themselves have
high-Mg rocks. Further, the data set captures all
Phanerozoic hotspot/mantle plume events. While
we acknowledge that the two Late Precambrian se-
quences described above are missing, we infer that
the data set analyzed here is a generally robust in-
dicator of mantle plume activity through time.
Hotspots and Mantle Plumes: Semantics
or Significant Differences?
Oftentimes, the terms “hotspot” and “mantle
plume” are used interchangeably. However, most
recommend distinguishing between these features
on the basis of scale (Abbott 1995). Mantle plumes
produce mafic magmatism over regions the order
of 103 km wide. Hotspots are narrower, on the order
of 102 km wide or less. The voluminous magma-
tism associated with a plume occupies a period
shorter than about 10 m.yr., while hotspots like the
one underlying Hawaii can erupt lavas for tens of
millions of years. Today, while there are 41 active
hotspots, only the South Pacific Superswell might
be considered a (remnant?) mantle plume (Vinnik
et al. 1997), although even this is arguable (Devey
et al. 1990; McNutt 1998). The terms “hotspot”
and “mantle plume” are therefore not synony-
mous. It may be better, for example, to invoke “hot-
spot volcanism” than “small plume” to explain a
flood basalt sequence of limited areal extent.
Evidence supports a geographic link between
some modern hotspots and ancient flood basalts
(Richards et al. 1989). Some, therefore, have sug-
gested a paragenetic link between mantle plumes
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and hotspots (Campbell et al. 1989). However, this
is tenuous. For example, there is no clear relation-
ship between the largest Phanerozoic flood basalt,
the Siberian Traps, and any hotspot (or hotspot
trace). The size of the Siberian Traps and the con-
current eruption of the Emeishan flood basalts sug-
gest a scale of volcanism consistent with a mantle
plume.
Other flood basalts do demonstrate a strong geo-
graphic link to a hotspot, and, therefore, it seems
likely that hotspots alone are capable of generating
flood basalts without invoking a larger mantle
plume. Such a model is consistent with the Deccan
Traps, which fall on a line between the Maastrich-
tian Parh Formation and the Laccadives-Maldives-
Chagos-Reunion chain. These have all been attrib-
uted to the Reunion hotspot (McCormick 1991;
Peng and Mahoney 1995). Similarly, the Hawaiian-
Emperor seamount chain reflects narrow hotspot
volcanism, consistent with seismic tomographic
imaging (Ying and Nataf 1998). The lavas erupting
at Hawaii have a geochemical signature consistent
with the introduction of material from the deep
mantle and outer core (Brandon et al. 1999; Norman
and Garcia 1999). Although it has been disputed,
the ca. 125 Ma eruptions on the Ontong-Java Pla-
teau may have been related to the Louisville hot-
spot (Mahoney et al. 1993).
Therefore, hotspots and plumes leave quite sim-
ilar regional records; again, the differences may be
nothing more than a matter of scale. In some ways,
the designations “hotspot” and “mantle plume”
are a matter of semantics, rather than representing
any significant difference between the two sorts of
features. This is particularly true when one con-
siders the Precambrian record. Storey et al. (1990)
and Kusky and Kidd (1992) hypothesized that a Pre-
cambrian mantle plume event would result in nu-
merous coeval komatiitic sequences accreted to
several cratonic blocks. However, it is possible that
the simultaneous stimulation of several hotspots
could produce oceanic edifices (plateaus and/or
ridges and/or seamounts) that would have wide geo-
graphic distribution at the time of their creation,
enabling them also to be eventually accreted to sev-
eral cratons. It would be difficult to discern a Pre-
cambrian mantle plume event from an event in-
volving several hotspots.
There is, in fact, some evidence that hotspots do
demonstrate synchronous pulsation and that the
pulsation has a period of about 30 m.yr. (table 3).
For example, between about 125 and 115 Ma, the
Kerguelen and Marion hotspots were particularly
active (producing the Naturaliste and Kerguelen
Plateaus and the Masirah ophiolite, respectively;
Smewing et al. 1991; Mahoney et al. 1995; Storey
1995). The Tristan, Louisville, and Crozet hotspots
may also have been unusually productive during
this period, with eruption of the bulk of the
Ontong-Java Plateau and several continental flood
basalt provinces (table 3; Richards et al. 1991).
About 30 m.yr. later (ca. 90 Ma), several hotspots
produced important volcanic sequences, including
the Caribbean Plateau, Broken Ridge, the Rio
Grande Rise, and Lages and Madagascar flood ba-
salts (table 3). There was renewed volcanic activity
on the Ontong-Java Plateau (Tejada et al. 1996). Ap-
proximately 30 m.yr. later, the Yellowstone, Re-
union, and Iceland hotspots were all unusually ac-
tive (table 3). Crustal production at the Afar hotspot
increased about 30 m.yr. later at ca. 30 Ma, with
eruption of flood sequences in Ethiopia and Yemen
(Baker et al. 1996; Hofmann et al. 1997).
Increased volcanic activity at several global hot-
spots may explain why crustal production at ridge
crests and rates of plate motion have increased dur-
ing some “mantle plume” events (Larson 1991;
Sheridan 1997). Therefore, when we use the term
“mantle plume” below, we mean an event corre-
sponding to increased eruption of high-Mg lavas.
Such magmatism could have been promoted by a
single mantle plume impacting Earth’s surface or
by numerous (perhaps widely dispersed) hotspots.
Temporal Trends in the Data Set
The interior of the Earth has been cooling through
geologic time as radioisotopes decay (Lambert
1976). Heat from the interior of the Earth is dissi-
pated in several ways: by crustal production along
mid-ocean ridges, hotspots, and mantle plumes; by
hydrothermal circulation; and by conductive cool-
ing through the lithosphere (Sclater et al. 1980). If
the relative importance of each of these factors re-
mains constant through time, then the magnitude
of mantle plume volcanism (and numbers of high-
Mg events) should decrease as Earth’s interior heat
flow decreases. Because erosion also affects the rec-
ord, there should be increasing retention of high-
Mg events through time. The cumulative effect of
reduced mantle plume volcanism and increased re-
tention should result in one of three sorts of curves.
If the first process outweighs the importance of the
second, figure 1 should show a monotonic (and
likely exponential) decrease in the number of high-
Mg events through time. If the second process out-
weighs the importance of the first, figure 1 should
show an exponential growth in the number of high-
Mg events through time (e.g., by analogy with
curves expressing the temporal distribution of car-
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bonatites; Veizer et al. 1992). If both processes are
of roughly equal importance, then figure 1 should
document a U-shaped curve.
None of these trends are observed unambigu-
ously in figure 1. Instead, there is a significant peak
at ca. 2.7 Ga. This is about 0.2–0.7 Ga younger than
the major phase of continental growth postulated
by Taylor and McLennan (1985), although it cor-
responds very well with Condie’s model of episodic
crustal formation (Condie 1995, 2000). Not only
high-Mg lavas but a number of other geologic in-
dicators are focused at 2.7 Ga, suggesting a major
magmatic event. These include peaks in the num-
bers of continental and oceanic flood basalts, green-
stone belts, and examples of Ni, Cu, and Zn min-
eralization (Kusky and Kidd 1992; Nelson et al.
1992; Blake 1993; Desrochers et al. 1993; Condie
1995; Barley et al. 1998). Peaks are also observed
in numbers of black carbonaceous shales and
banded iron formation (Barley et al. 1998; Isley and
Abbott 1999). Assuming that subduction and ero-
sion have eradicated a significant portion of the 2.7-
Ga record, then surely all indicators suggest that
this was one of the most important mantle plume
events in Earth history.
This inference requires that mantle plume vol-
canism has not decreased monotonically through
time as has Earth’s radiogenic heat flow. There are
also models that relate mantle plume magmatism
to the transfer of subducted lithosphere to the deep
mantle with an attendant perturbation of the D”
layer. However, De Wit (1998) recently proposed
that modern-style subduction did not begin (or did
not work efficiently) until the Late Archean. If his
hypothesis is correct, then such a model is not vi-
able to explain the 2.7-Ga event nor can the in-
sulating effects of a supercontinent be what pro-
mulgates this peak; the notion of a supercontinent
Vaalbara, consisting of (at minimum) the Kaapvaal
and Pilbara cratons, is not supported by lithostrati-
graphic or paleomagnetic data (Wingate 1998; Nel-
son et al. 1999).
If we ignore the peak near 2.7 Ga, the Archean
and Paleoproterozoic record is punctuated by peaks
in high-Mg volcanism that are of roughly equiva-
lent height and occur about every 200–300 m.yr.
(fig. 1). This may reflect the fact that plume events
in this period predominantly impacted oceanic lith-
osphere. Thus, the oceanic edifices that they built
were retained. Mantle plumes arriving under oce-
anic lithosphere produce ocean plateaus, sea-
mounts, and aseismic ridges (Larson 1991). These
sorts of oceanic edifices have much thicker crust
than is formed at mid-ocean ridges (Klein and Lang-
muir 1987; McKenzie and Bickle 1988). Because
they are unusually thick and buoyant, the features
derived from mantle plume volcanism are likely to
be accreted, at least in part, rather than subducted
(Ben-Avraham et al. 1981; Cloos 1993; Abbott and
Mooney 1995). In fact, several Archean and Paleo-
proterozoic sequences have been interpreted as ac-
creted ocean plateaus (Boher et al. 1992; Kusky and
Kidd 1992; Desrochers et al. 1993; Puchtel et al.
1998b, 1999; Hollings and Kerrich 1999). Therefore,
the fact that there was much less continental crust
in the Archean may have very little to do with the
retention of high-Mg lavas in the record. This sug-
gests a regular periodicity to mantle plume volca-
nism through time, reflected in the energetic 273
m.yr. spectral period.
Two plume events in the Mesoproterozoic-
Neoproterozoic portion of the record are suggested
by the record of high-Mg magmatism. These are
centered near 1.1 and 0.8 Ga (fig. 1). If the Mac-
kenzie and Franklin events are included, then four
plume events occurred between 1650 and 500 Ma:
centered about 1.3 (Mackenzie), 1.1 (Midcontinent
Rift), and 0.7 Ga (Franklin). Given the 266-m.yr.
period permeating the time series, one would infer
at least four plume events between 1650 and 550
Ma. When the Mackenzie and Franklin events are
included, the 300-m.yr. spacing between events at
1.1 and 0.8 Ga is analogous to the spacing between
other peaks in the Archean-Proterozoic and Phan-
erozoic portions of the record (fig. 1).
The 300-m.yr. period lacking evidence for high-
Mg volcanism (1.1–0.8 Ga) coincides approximately
with a putative supercontinent, Rodinia (Unrug
1997; Weil et al. 1998). Models suggesting that su-
percontinents promote plume-style volcanism by
insulation of the mantle are not supported by the
lack of high-Mg activity and widespread flood ba-
salt volcanism during the 300-m.yr. life of Rodinia,
unless the mantle must be insulated for hundreds
of millions of years before eruptions eventually oc-
cur (see Yale and Carpenter 1998). Another model
relates flood basalt volcanism to variations in lith-
ospheric thickness, so that subhorizontal flow
brings hot material to the boundary juxtaposing
older, thicker crust and younger, thinner crust
(King and Anderson 1995). Again, this model is ab-
rogated by the 300-m.yr. lifetime of Rodinia, given
typical mantle flow rates.
Driving Forces of Mantle Plume Volcanism
We do not find evidence for models promoting a
tectonic origin for high-Mg magmatism. Most of
the high-Mg units in the data set are associated
with greenstone belt volcanics or flood basalt se-
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quences. Models suggesting high temperature (or
voluminous) magmatism related somehow to the
formation of supercontinents are not supported by
the time series peak at 2.7 Ga or by the geologic
record at the time of the supercontinent Rodinia.
These models imply a tectonic driving force and
therefore a tectonic (Wilson Cycle) periodicity to
mantle plume events: one longer than the 273-
m.yr. period and one shorter than the 800-m.yr.
period (table 2). What then is driving mantle plume
volcanism on Earth?
Longest Period Energy. The largest fraction of the
energy in the 4096–0 m.yr. data set is concentrated
in the 819 204/137-m.yr. period (table 2). This
period is reflected in the regular temporal spacing
of peaks at ca. 2.7, 1.9, 1.1, and 0.4 Ga (fig. 1). The
800-m.yr. period is significantly longer than the
length of periodic, tectonically driven processes.
Some modelers have suggested the mantle over-
turns every ca. 1 Ga, promoting important mag-
matic events (Tackley et al. 1993; Davies 1995,
1997). Mantle plumes might be generated when the
temperature structure near the D layer is perturbed
by subducted lithospheric slabs cascading beyond
the 670-km-deep seismic discontinuity (Condie
1995; Sheridan 1997). In particular, Condie (Condie
1995, 1997, 2000) has suggested such events at 2.7,
1.9, and 1.2 Ga. The first two “superevents” cor-
relate with the largest Precambrian mantle plumes
suggested by the high-Mg record.
Others have suggested that particularly large
events may be driven by resonant core nutations.
Briefly, modeling results suggest that Earth’s forced
nutations (the periodic tipping of the Earth’s spin
axis as a result of solar and lunar gravitational pulls)
can resonate with the Earth’s free-core nutation
(Williams 1994; Greff-Lefftz and Legros 1999). The
half-annual resonance occurred during the Precam-
brian, and the annual resonance occurred during
the Phanerozoic. During these events, the heat flux
from the core-mantle boundary may have doubled
and material movement in the core may have in-
creased by orders of magnitude (Hinderer et al.
1987; Williams 1994). It is therefore interesting that
eruptions of high-Mg lavas are concentrated in the
3.2–2.4-Ga time slice and in the past 800 m.yr. (fig.
1; table 1).
Workers have tended to match the one-third or
one-half annual resonance to the 2.7-Ga event (Wil-
liams 1994; Greff-Lefftz and Legros 1999), which is
documented here by a peak in the number of high-
Mg events and which includes komatiite “rivers”
and thick ferropicritic flows. Workers also have in-
ferred that resonance between the free-core nuta-
tion and the annual forced nutation promoted
increased crustal production. Williams (1994) at-
tributed magmatism associated with the Iapetan
Rift to this event. Others have suggested that the
Siberian Trap basalts may mark it (Greff-Lefftz and
Legros 1999).
Length-of-day arguments yield a 22.2–22.7-h day
at the annual resonance that is difficult to reconcile
with the 90–60-Ma peak in high-Mg magmatism
and that appears much too short to be associated
with the Siberian Traps. If one assumes a 22-h
day at the start of the Phanerozoic (cf. Williams
2000), the -h day is clearly Paleozoic22.45 0.25
( Ma). The period after about 400 Ma418.5 67.5
is marked by renewed high-Mg volcanism, culmi-
nating in a peak at 380–360 Ma (fig. 1). For the first
time in about 800 m.yr., komatiites erupt; the ear-
liest meimechites are also of this age. Alkaline vol-
canism increases globally, with emplacement of
lamproite and carbonatite dikes and kimberlites in
China and the Kola Peninsula (Veizer et al. 1992;
Haggerty 1994; Lu et al. 1995; Beard et al. 1996).
Carbonatites are rich in Fe (ankeritic carbonatite
or ferrocarbonatites), and kimberlites are rich in Ti,
Fe, Mg, Ni, and Cr (Beard et al. 2000; Claesson et
al. 2000). Light noble gases in carbonatites confirm
a deep-seated mantle source, delivered by a mantle
plume (Marty et al. 1998).
Assuming that 2.7- and 0.4-Ga events marked
resonance between the free-core nutation and one-
third annual and annual forced nutations, then the
one-half annual resonance occurred about 1.9
Ga. This time is one of enhanced eruption of0.2
high-Mg lavas, and other manifestations of plume-
driven magmatism, including flood basalts on West
Africa, Baltica and the Superior craton, mafic dike
swarms on the Dharwar, Lewisian, Nain, and
Kaapvaal cratons, and large layered igneous intru-
sions, including the Bushveld (Parrish 1989; Abou-
chami et al. 1990; Puchtel et al. 1997, 1998a; Cor-
nell et al. 1998; Isley and Abbott 1999). We find the
hypothesis that resonance between free-core and
forced-core nutations influenced mantle plume ac-
tivity intriguing and suggest it should be explored
further (Isley and Abbott 2001).
Strongest Periods in Data Subsets. The strongest
periods in both 256-m.yr.-long data subsets are
and m.yr. These latter, roughly26 3 34.5 4.5
equivalent periods are analogous to those observed
in numerous other time series investigated by Ram-
pino and Stothers (1984) and Rampino and Caldeira
(1993). Impacts are modulated by galactic tidal per-
turbation of the Oort cloud by the Sun’s oscillation
perpendicular to the galactic plane with a 30–35-
m.yr. period (Rampino and Stothers 1984; Matese
et al. 1996; Shoemaker 1998). Thus, others have
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proposed a link between impacts and flood basalt
volcanism (Rogers 1982; Rampino and Stothers
1984).
As Fischer and Arthur first observed (1977), a re-
markable set of geologic time series demonstrates
periods near 32 m.yr. Climatic cycles over the past
100 m.yr. have a periodicity of 33–38 m.yr. (Kaiho
and Saito 1994). Sea-level variations over the past
200 m.yr. demonstrate a 33-m.yr. periodicity (Negi
et al. 1990). Sea-floor spreading jumps, continental
rifting, volcanism, and enhanced orogeny (all of
which may affect climate change) demonstrate pe-
riods of 26–34 m.yr. (Rampino and Caldeira 1993).
Atmospheric CO2 has risen and fallen with a 32-
m.yr. beat (Tiwari and Rao 1998).
Could cometary impacts influence the genera-
tion of all high-Mg lavas? Stothers (1989) warned
that Phanerozoic stage boundaries display a weak
period of 28 m.yr. and that use of time series ages
constrained by biostratigraphy could yield errone-
ous results when subjected to spectral analysis.
However, the -m.yr. period that dominates26 3
the Archean data subset cannot be such an artifact.
Glikson (1996, 1999) suggested that impacts were
connected to magmatism and/or rifting at the
Cretaceous-Tertiary boundary, in the Jurassic, and
at the Permo-Triassic boundary. A ca. 400-m.yr.-
old crater is known from the Ukraine (Gurov et al.
1998), and large diameter craters whose ages are
consistent with the mantle plume event at about
370 Ma include Charlevoix (54 km), Kaluga (15
km), and Siljan (53 km). These plume events are
all captured in the high-Mg data set (fig. 1), and we
find the correlation between the Phanerozoic rec-
ord of mantle plume magmatism and impacts
striking.
Spherules recording Precambrian impacts form
layers in the Australian Hamersley Group that are
2.63, 2.56, 2.54, and 2.45 Ga old (Simonson et al.
1998; Simonson 2000). The Vredefort event was
2.01 Ga (Gibson et al. 1997), and the Sudbury im-
pact was 1.85 Ga (Ostermann et al. 1996). Some of
these correspond to periods of enhanced magma-
tism, with a particularly important event at 2.45
Ga (Heaman 1997). Others do not show such cor-
respondence (cf. fig. 1), and in particular, no 2.7-Ga
impact event is known. Nonetheless, given the
manner in which erosion and subduction has ob-
scured the record of impacts, it is quite interesting
that there is some temporal correspondence be-
tween Precambrian impacts or spherule layers and
mantle plume activity.
In the context of the impact-driven mantle plume
model, it is particularly noteworthy that extreme
disturbances of the Oort cloud occur approximately
every 750 m.yr. by grazing encounters with nebulae
(Napier 1998). The cosmic year also modulates im-
pacts by disturbing the Oort cloud. The length of
the cosmic year currently is estimated to be
274–285 m.yr., ranging to 400 m.yr. in the Early
Archean (Steiner and Grillmair 1973; Chen 1984).
These periodicites are quite analogous to the 800-
m.yr. and 273-m.yr. energies that we find perme-
ating the entire 4-b.yr.-long time series.
However, there are alternative models to explain
the longer-period energies, as discussed above.
There are also alternative models to explain
shorter-period pulses in magmatism. For example,
Olson et al. (1987) suggested that plumes travel in
dispersive conduit waves, with propagation speeds
that vary over an order of magnitude. Arrival of
different wave packets at the surface may contrib-
ute to episodic plume volcanism. According to van
Keken and Gable (1995), plumes pulsate because of
the interaction between plumes and the rheological
interface at the transition zone. The frequency of
pulsation would then relate to the Rayleigh number
and the viscosity contrast. Larsen et al. (1996) de-
veloped a model of mantle convection consisting
of initial high rates of crustal formation lasting a
few millions of years, followed by pulsating mag-
matic activity. Although these models are intrigu-
ing, they do not result in a periodicity analogous
to 30 m.yr. but promote bursts in magmatism every
4–10 m.yr. We therefore favor the hypothesized re-
lationship between impacts and mantle plume vol-
canism, and we explore the meaning of the ca. 30-
m.yr. periodicity more fully in a future article
(Abbott and Isley, in press).
Changes in High-Mg Lithologies through Time
There is a clear trend to more Ti-rich lavas through
time. Komatiites and, in fact, all rocks with a ko-
matiitic constituent are rare after 1.6 Ga. Picrites
(as defined by the 1989 IUGS classification) in-
crease after 1.6 Ga, peaking in the 0.8–0 Ga time
slice. During the past 800 m.yr., alkaline lavas (an-
karamites and meimechites) have appeared. Pic-
rites, ankaramites, and meimechites may all be per-
ceived as modern, Ti-rich analogs of komatiites. All
of these lithologies are found most frequently in
rocks erupted or emplaced in intracratonic settings
by hotspots and mantle plumes.
Campbell and Griffiths (1990) first suggested that
heterogeneity in plume-generated magmas might
reflect transfer of Early–Middle Archean plates to
depth, and their assimilation in the mantle. The
long-term trend to high-Mg rocks that are richer in
Ti could be explained by reintroduction of Ti from
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eroded and subducted continental material or oce-
anic crust to the mantle. Rudnick et al. (2000) pro-
pose that Ti was sequestered in refractory eclogite
but find that mass balances also require a Ti res-
ervoir in the lower mantle, perhaps close to the
core-mantle boundary. This model is supported by
our results that indicate that plume magmas have
become more Ti-rich through time.
Conclusions
Mantle plume events have occurred about every
300 m.yr. through time. There was a particularly
large event at 2.7 Ga. High-Mg rocks erupted during
plume events through Earth history are increas-
ingly rich in Ti, and picrites, ankaramites, and mei-
mechites are the modern analogs for komatiites.
Several processes have been discussed that may
drive a ca. 800-m.yr. periodicity in mantle plume
volcanism, including impacts, cascade of tectonic
slabs into the mesosphere, and resonance between
free-core nutations and those forced by solar
torques. Superimposed on the long cycle is a 273-
m.yr. period that we think represents the cosmic
year and energies of about 30 m.yr. The importance
of the latter in both Archean and Phanerozoic data
subsets bolsters the proposed link between com-
etary impacts and mantle plume volcanism. Mafic
magmatism and crustal production rates during an
event exemplified by simultaneous stimulation of
widely separated hotspots can be as significant as
during a mantle plume event sensu strictu.
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